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MULTIPLE STORAGE DEVICES ( released Nov. 1 , 2013 ) ) for the M.2 connector provides up 
IMPLEMENTED USING A COMMON to four PCIe lanes and one logical SATA 3.0 ( 6 Gbit / s ) port , 

CONNECTOR and exposes the PCIe and SATA lanes through the same 
connector so both PCIe and SATA storage devices may exist 

TECHNICAL FIELD 5 in form of M.2 modules . 
Certain embodiments related to devices , systems , and 

Embodiments described herein generally relate to com methods that detect a storage device during a system boot 
puting devices , systems and methods including the use of operation , including detecting whether a device implement 
storage implemented through a connector . ing a first bus interface protocol is coupled to the system 

10 through a connector . In response to detecting that no device 
BACKGROUND implementing the first bus interface protocol is coupled to 

the system through the connector , then a bus clock to the 
A computational device may be coupled connector is programmed to be off . After the programming 

physical storage devices in which data may be stored . The the bus clock to be off , a buffer is reprogrammed to assume 
computational device may communicate with a physical 15 that the connector implements a second bus interface pro 
storage device over a bus such as a PCIe ( Peripheral tocol to connect a storage device . After the reprogramming 
Component Interconnect Express bus , ( see http : //www.pc the buffer , if it is determined that a storage device imple 
sig.com ) ) , and a variety of interfaces to different type of menting the second bus interface protocol is coupled to the 
storage devices , such as SATA ( Serial ATA ) drives ( see connector , then the storage device implementing the second 
http://www.sata-ip.org ) and NVMe ( Non - Volatile Memory 20 bus interface protocol is initialized . 
Express ) drives ( see http://www.nvmexpress.org ) . System Certain embodiments further relate to determining 
designers have typically predetermined the allocation of whether the device implementing the first bus interface 
storage and connections thereto at the time of board design . protocol is a storage device implementing a logical device 

interface protocol in response to detecting that the device 
BRIEF DESCRIPTION OF THE DRAWINGS 25 implementing the first bus interface protocol is coupled to 

the system through the connector ; and initializing the stor 
Embodiments are described by way of example , with age device in response to determining that the device 

reference to the accompanying drawings , which are not implementing the first bus interface protocol also imple 
drawn to scale , in which like reference numerals may refer ments a logical device interface protocol . 
to similar elements . In certain embodiments , the first bus interface protocol 

FIG . 1 illustrates an embodiment of a storage environ may comprise a PCIe bus interface protocol , and the second 
ment in accordance with certain embodiments . bus interface protocol may comprise a SATA bus interface 

FIGS . 2a - 2b illustrate a flowchart of operations for detect protocol . 
ing storage drives , in accordance with certain embodiments . FIG . 1 illustrates a system in accordance with certain 

FIG . 3 illustrates a system including multiple storage 35 embodiments , including a computational device 10 that 
drives coupled to a connector , in accordance with certain communicates with a storage device 26 coupled to the 
embodiments . system through a cable 24 coupled to a connector 22. The 

FIG . 4 illustrates a system including a storage drive computational device 10 may include a central processing 
coupled to a connector , in accordance with certain embodi unit ( CPU ) 12 and main memory 14. Communication 
ments . 40 between the CPU 12 and the storage device 26 and the 

FIG . 5 illustrates a system including two types of storage connector may be carried out over a bus interface 16 coupled 
drives coupled to a connector , in accordance with certain to the connector 22. The I / O buffer 20 may be used to 
embodiments . allocate buffers , such as HSIO buffers , for various bus 

protocols such as USB , PCIe , and SATA . The computational 
DESCRIPTION OF EMBODIMENTS 45 device 10 further includes initialization logic ( including , for 

example , firmware such as a basic input output system 
In certain computer architectures , an input / output ( IO ) ( BIOS ) ) 28 that initializes the hardware and devices con 

buffer may be used to allocate HSIO ( high speed IO ) for nected to the bus 16 and in the system 10. The initialization 
various usages such as , for example , USB ( Universal Serial logic 28 may in certain embodiments be provided on an 
Bus ) , PCIe , and SATA . A variety of storage connection 50 integrated circuit die , an application specific integrated 
specifications for coupling a storage device to a motherboard circuit ( ASIC ) , and / or a processor executing software stored 
may be utilized , including a mix of SATA connectors , M.2 in a non - volatile memory device . The initialization logic 28 
connectors , and U.2 connectors . SATA 3.0 ( Serial ATA may dynamically detect which type ( s ) of storage drive ( s ) are 
Revision 3.0 Specification ( released June 2009 ) , operates at coupled to the cable 24 at the time of system boot . 
6 Gb / s ( Gigabits / second ) or 600 MB / s ( Megabytes / sec ) . 55 FIGS . 2a and 2b illustrate a flow chart of operations for 
NVMe over M.2 or U.2 ( using PCIe 3.0 ( PCI Express Base detecting the type of storage device ( s ) attached to a system 
Specification Revision 3.0 ( released Nov. 10 , 2010 ) ) x4 link ) at the time of system boot . Upon the system 10 being 
operates at 32 Gb / s or 3938 MB / s . While past designs powered - on ( at block 101 ) , the initialization logic 28 begins 
supported SATA connectors , as performance needs increase , ( at block 103 ) bus 16 initialization , which includes PCIe 
a mix of more U.2 and / or M.2 connectors has arisen to 60 training of a first four lane HSIO group . A bus using the PCIe 
enable the use of higher performance storage devices . protocol may be a high speed I / O bus in which multiple 

The U.2 connector , originally known as SFF - 8639 ( Enter lanes of the bus may combine their data transfer capability 
prise SSD Form Factor Version 1.0 ( released Dec. 20 , 2011 ) , to send the read or write command from the host to the 
comprises a connector that is mechanically identical to the storage device . A bus using the SATA protocol may include 
SATA Express device plug , but provides four PCIe lanes 65 use of a high - speed serial cable ( e.g. , cable 24 ) to send the 
through a different usage of available pins . The M.2 speci read or write command from the host to the storage device . 
fication ( e.g. , PCI Express M.2 Specification Revision 1.0 In certain embodiments that use interfaces in accordance 
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with the SATA Revision 3.2 ( Serial ATA Revision 3.2 After the initialization logic 28 ( at block 137 ) reprograms 
Specification ( released August 2013 ) ) , an interface capable the remaining HSIO buffers as SATA , the initialization logic 
of interfacing with buses using both SATA and PCIe proto 28 ( at block 139 ) determines whether at least one SATA 
cols , may be arranged to route the read or write commands drive is detected . If yes , then the initialization logic 28 ( at 
from a computational device to a storage device via the high 5 block 119 ) completes initializing the device ( s ) as SATA . 
speed serial cable . The initialization logic 28 determines ( at Once the device ( s ) are initialized , the initialization logic 28 
block 105 ) whether a PCIe device is detected . ( at block 121 ) turns off any unused HSIO buffers . Then , the 

If ( at block 105 ) no PCIe device is detected , then the initialization logic 28 ( at block 117 ) moves on to the next 
initialization logic 28 turns off ( at block 107 ) the PCIe clock four lane HSIO group for training and initialization ( at block 
18 and reprograms ( at block 109 ) the I / O buffer 20 as SATA 10 103 ) . 
on four ports ( one for each of the lanes in the first four lanes If the PCIe device uses four lanes of the cable 24 , then the 
20a , 206 , 20c , 20d in an HSIO group ) . The initialization initialization logic 28 ( at block 141 ) determines whether the 
logic 28 detects ( at block 111 ) whether any SATA drives 26 device is an NVMe storage device . If the device using four 
are present . If ( at block 111 ) no SATA drives 26 are present , lanes is an NVMe storage device , then the initialization logic 
then the initialization logic 28 turns off ( at block 115 ) the 15 28 ( at block 145 ) completes initializing the NVMe device 
HSIO buffers 20 and then proceeds to configure ( at block connected to four lanes of the cable 24 as a PCIe device . 
117 ) the next four lane HSIO group for initialization . If at Then , the initialization logic 28 ( at block 117 ) moves on to 
least one SATA drive is detected , then the initialization logic the next four lane HSIO group for training and initialization 
28 finishes ( at block 119 ) initializing the storage device ( s ) ( at block 103 ) . If the device using four lanes is not an NVMe 
26 as SATA . Once the device ( s ) 26 are initialized , the 20 storage device , then the initialization logic 28 ( at block 143 ) 
initialization logic 28 turns - off ( at block 121 ) any unused completes initializing the NVMe device connected to four 
HSIO buffers . Then , the initialization logic 28 proceeds ( at lanes of the cable 24 as a PCIe device . Then , the initializa 
block 117 ) to processing ( at block 103 ) the next four lane tion logic 28 ( at block 117 ) moves on to the next four lane 
HSIO group for training and initialization . HSIO group for training and initialization ( at block 103 ) . 

If ( at block 105 ) a PCIe device is detected , then the 25 Certain embodiments enable one to resolve storage con 
initialization logic 28 determines ( at block 123 ) whether the nector limitations by dynamically detecting and configuring 
detected PCIe device uses four lanes . It is possible in certain a plurality of computer storage architectures . This enables 
configurations that a non - storage PCIe device may be the system to determine which type of storage device is 
detected As a result , if a PCIe device is detected , the coupled to the system through a connector and cable during 
initialization logic 28 determines ( at block 141 ) whether the 30 the system boot operation . 
detected PCIe device is an NVMe storage device . If not , then One embodiment enables the use of SATA and / or NVMe 
the initialization logic 28 completes ( at block 145 ) initial drives coupled to a system through either U.2 or M.2 
ization of the non - storage PCIe device , and proceeds ( at connectors and cables . In one such embodiment , the initial 
block 117 ) to the next four lane HSIO group for training and ization logic tests for the presence of PCIe drives and if PCIe 
initialization block 103. If ( at block 141 ) there is a NVMe 35 drives are detected , then the boot continues with the PCIe 
storage device detected as storage device 26 , then the drive ( NVMe drive ) operational . If no PCIe drives are 
initialization logic 28 finishes ( at block 145 ) initializing the detected , then the PCIe clock for either a U.2 or M.2 
detected NVMe storage device 26 connected to four lanes of connector is turned off , and the IO buffer is reprogrammed 
the cable 24 as a PCle device . to assume SATA protocols are used on all the HSIO lanes in 

If a PCIe device is detected that does not use four lanes 40 the group of HSIO lanes being tested . Then any SATA drives 
of the cable 24 , then the initialization logic 28 determines ( at ( assuming a U.2 or M.2 connector and a U.2 or M.2 cable 
block 125 ) whether the device uses two lanes of the cable 24 . having a SATA connector at the drive end ) are detected and 
If the device does not use two lanes , then the initialization if present , boot operations continue with the SATA drives 
logic 28 determines ( at block 127 ) whether the device is a initialized and made operational . If no PCIe drives and no 
NVMe storage device . If the device is not an NVMe storage 45 SATA drives are detected , then the boot operation continues 
device , then the initialization logic 28 completes ( at block with no drives in the selected HSIO lanes . 
129 ) initialization of the non - storage PCIe device . Then the Certain embodiments also relate to a cable that may be 
initialization logic 28 ( at block 137 ) reprograms any remain used to couple SATA drives to a system having a U.2 or M.2 
ing HSIO buffers as SATA . If the device does not use two connector thereon . Whereas conventional systems may uti 
lanes , and is a NVMe storage device , then the initialization 50 lize , for example , four SATA connectors to couple four 
logic 28 ( at block 131 ) completes initializing the NVMe SATA drives thereto , certain embodiments may utilize , for 
storage device connected to one lane of the cable 24 as a example , a single U.2 or M.2 connector to couple one , two , 
PCIe device . Then , the initialization logic 28 ( at block 137 ) three , or four SATA drives to the system . Alternatively , the 
reprograms any remaining HSIO buffers as SATA . same U.2 or M.2 connector may be used to couple a NVMe 

If the PCIe device uses two lanes of the cable 24 , then the 55 drive to the system through a U.2 or M.2 cable having an 
initialization logic 28 ( at block 133 ) determines whether the NVMe connector at the drive end . Such embodiments per 
device is an NVMe storage device . If the device is not an mit a system integrator and / or end user to be able to 
NVMe storage device , then the initialization logic 28 ( at dynamically choose which type of cable and hard drives to 
block 129 ) completes initialization of the non - storage PCIe populate in a system , whereas other systems require prede 
device . Then the initialization logic 28 ( at block 137 ) 60 termined cable and hard drive selection . Certain embodi 
reprograms any remaining HSIO buffers as SATA . If the ments relating to systems utilizing SATA drives and NVMe 
device uses two lanes and is a NVMe storage device , then drives are illustrated in FIGS . 3-5 . 
the initialization logic 28 ( at block 135 ) completes initial FIG . 3 illustrates a system including a circuit board 208 
izing the NVMe storage device connected to two lanes of the such as a motherboard , on which one or more processors 212 
cable 24 as a PCIe device . Then , the initialization logic 28 65 and one or more memory regions 214 may be positioned . 
( at block 137 ) reprograms any remaining HSIO buffers as The board 208 also includes a board connector 222 for 
SATA . coupling one or more drives thereto . The board 208 may also 
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include other features ( not shown ) , such as board manage The terms “ including " , " comprising " , " having " and varia 
ment hardware and routing , and other external input / output tions thereof mean " including but not limited to ” , unless 
connections such as , for example , Ethernet connections , expressly specified otherwise . 
USB connections , and video connections . The connector The enumerated listing of items does not imply that any 
222 may , in certain embodiments , be selected from a U.25 or all of the items are mutually exclusive , unless expressly 
connector and an M.2 connector . The connector 222 may specified otherwise . 
utilize four lanes for data transfer . The terms “ a ” , “ an ” and “ the ” mean “ one or more ” , unless 

A cable 224 is coupled to the connector 222. The cable expressly specified otherwise . 
224 includes a first end attached to the connector and a Devices that are in communication with each other need 
second end that includes four fingers 224a , 2246 , 224c , and 10 not be in continuous communication with each other , unless 
224d each extending to a SATA drive connector 228 for expressly specified otherwise . In addition , devices that are in 
attaching to a SATA drive 226. The first end of the cable 224 communication with each other may communicate directly 
may be configured to mate with a U.2 connector or an M.2 or indirectly through one or more intermediaries . 
connector , while the second end is configured to mate with A description of an embodiment with several components 

15 in communication with each other does not imply that all one or more SATA drives . The SATA drives may utilize one such components are required . On the contrary a variety of HSIO lane for input / output , and the U.2 or M.2 connector optional components are described to illustrate the wide 
may utilize four HSIO lanes . As a result , the cable 224 may variety of possible embodiments of the present invention . 
include up to four SATA drives 226 coupled thereto . When a single device or article is described herein , it will 

FIG . 4 illustrates a system including the same circuit 20 be readily apparent that more than one device / article 
board 208 as in FIG . 3 , with the same components thereon ( whether or not they cooperate ) may be used in place of a 
including the same board connector 222. When the connec single device / article . Similarly , where more than one device 
tor is U.2 or an M.2 connector , a single NVMe drive 227 or article is described herein ( whether or not they cooperate ) , 
may be coupled to the connector 222 through the cable 225 , it will be readily apparent that a single device / article may be 
which includes a first end configured to mate with the U.2 25 used in place of the more than one device or article or a 
or M.2 connector 222 , and the other extending to an NVMe different number of devices / articles may be used instead of 
drive connector 229 ( e.g. , SFF - 8639 connector ) configured the shown number of devices or programs . The functionality 
to mate with the NVMe drive 227. The NVMe drive 227 and / or the features of a device may be alternatively embod 
may utilize four HSIO lanes for input / output , and as a result , ied by one or more other devices which are not explicitly 
a single NVMe 227 drive is connected to the cable 225 . 30 described as having such functionality / features . Thus , other 

Alternative embodiments may include the use of multiple embodiments of the present invention need not include the 
device itself . drive types coupled to the same connector . For example , 

FIG . 5 illustrates a system including the same circuit board The foregoing description of various embodiments of the 
208 as in FIGS . 3-4 , with the same components thereon invention has been presented for the purposes of illustration 

35 and description . It is not intended to be exhaustive or to limit including the same board connector 222. The first end of the the invention to the precise form disclosed . Many modifi cable 231 may be configured to mate with a U.2 connector cations and variations are possible in light of the above or an M.2 connector , while the second end is configured to teaching . It is intended that the scope of the invention be mate with a SATA drive 226 and a NVMe drive 227. The limited not by this detailed description , but rather by the 
cable 231 includes a second end having two fingers 231a and 40 claims appended hereto . The above specification , examples 
231b , with finger 231a including a NVMe drive connector and data provide a complete description of the manufacture 
229 to couple to the NVME drive 227 , and finger 231b and use of the composition of the invention . Since many 
including a SATA drive connector 228 to couple to the SATA embodiments of the invention can be made without depart 
drive 226. While the NVMe drive 227 is capable of utilizing ing from the spirit and scope of the invention , the invention 
four HSIO lanes , it will operate when utilizing less than four 45 resides in the claims herein after appended . 
lanes . It may not have the same performance as when four 
HSIO lanes are used , but there may be other considerations EXAMPLES 
that would motivate one to utilize one or more SATA drives 
together with a NVMe drive . While the embodiment illus The following examples pertain to further embodiments . 
trated in FIG . 5 shows one SATA drive 226 and one NVMe 50 Specifics in the Examples may be used anywhere in one or 
drive 227 , embodiment may include additional fingers and more embodiments . 
drives . Example 1 is a method for detecting a device during a 

The initialization logic 28 operations described with system boot operation , comprising : detecting , during a sys 
respect to FIGS . 2a and 2b may be used to detect and tem boot operation , whether a device implementing a first 
configure the attachment of devices as shown with respect to 55 bus interface protocol is coupled to a system through a 
FIGS . 3 , 4 , and 5 . connector ; programming a bus clock to the connector to be 

In certain embodiments , the systems described above may off in response to detecting that no device implementing the 
comprise a personal computer , server , mobile device or first bus interface protocol is coupled to the system through 
embedded computer device . In a silicon - on - chip ( SOC ) the connector ; after programming the bus clock to be off , 
implementation , at least some of the architecture may be 60 reprogramming a buffer to assume that the connector imple 
implemented in an integrated circuit die . ments a second bus interface protocol to couple a storage 

The terms “ an embodiment ” , " embodiment ” , “ embodi device ; after reprogramming the buffer , detecting whether a 
ments ” , “ the embodiment " , " the embodiments ” , “ one or storage device implementing the second bus interface pro 
more embodiments ” , “ some embodiments ” , and “ one tocol is coupled to the connector ; and initializing the storage 
embodiment ” mean “ one or more ( but not all ) embodiments 65 device implementing the second bus interface protocol in 
of the present invention ( s ) ” unless expressly specified oth response to detecting that the storage device implementing 
erwise . the second bus interface protocol is coupled to the connector . 
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In Example 2 , the subject matter of any one of Examples the connector ; and initialize the storage device arranged to 
1 and 3-10 can optionally include wherein the first bus implement the second bus interface protocol in response to 
interface protocol comprises a Peripheral Component Inter detection that the storage device arranged to implement the 
connect Express ( PCIe ) bus interface protocol , and the second bus interface protocol is coupled to the connector . 
second bus interface protocol comprises a Serial Advanced 5 In Example 12 , the subject matter of any one of Examples 
Technology Attachment ( SATA ) bus interface protocol . 11 and 13-20 can optionally include wherein the first bus 

In Example 3 , the subject matter of any one of Examples interface protocol comprises a Peripheral Component Inter 
1-2 and 4-10 can optionally include detecting whether a connect Express ( PCIe ) bus interface protocol , and the 
device implementing a first bus interface protocol is coupled second bus interface protocol comprises a Serial Advanced 
to the system through a connector comprises evaluating a 10 Technology Attachment ( SATA ) bus interface protocol . 
four lane high speed input output ( HSIO ) group . In Example 13 , the subject matter of any one of Examples 

In Example 4 , the subject matter of any one of Examples 11-12 and 14-20 can optionally include wherein the initial 
1-3 and 5-10 can optionally include wherein reprogramming ization logic is configured to detect whether the device 
the buffer includes reprogramming the buffer on four ports . arranged to implement a first bus interface protocol is 

In Example 5 , the subject matter of any one of Examples 15 coupled to the bus through the connector comprises an 
1-4 and 6-10 can optionally include turning off any unused evaluation of a four lane high speed input output ( HSIO ) 
buffer after initializing the storage device . group . 

In Example 6 , the subject matter of any one of Examples In Example 14 , the subject matter of any one of Examples 
1-5 and 7-10 can optionally include determining whether the 11-13 and 15-20 can optionally include wherein the repro 
device implementing the first bus interface protocol is a 20 gram the buffer includes a reprogram of the buffer on four 
storage device implementing a logical device interface pro ports . 
tocol in response to detecting that the device implementing In Example 15 , the subject matter of any one of Examples 
the first bus interface protocol is coupled to the system 11-14 and 16-20 can optionally include wherein the initial 
through the connector ; and initializing the storage device in ization logic turns off any unused buffer after the storage 
response to determining that the device implementing the 25 device is initialized . 
first bus interface protocol also implements a logical device In Example 16 , the subject matter of any one of Examples 
interface protocol . 11-15 and 17-20 can optionally include configuring the 

In Example 7 , the subject matter of any one of Examples initialization logic to : determine whether the device 
1-6 and 8-10 can optionally include that the first bus arranged to implement the first bus interface protocol is a 
interface protocol comprises a Peripheral Component Inter- 30 storage device arranged to implement a logical device 
connect Express ( PCIe ) bus interface protocol , wherein the interface protocol in response to detection of the device 
second bus interface protocol comprises a Serial Advanced arranged to implement the first bus interface protocol is 
Technology Attachment ( SATA ) bus interface protocol , and coupled the bus through the connector ; and initialize the 
wherein the logical device interface protocol comprises a storage device in response to the determination that the 
Non - Volatile Memory Express ( NVMe ) logical device bus 35 device arranged to implement the first bus interface protocol 
interface protocol . also is arranged to implement a logical device interface 

In Example 8 , the subject matter of any one of Examples protocol . 
1-7 and 9-10 can optionally include wherein the detecting In Example 17 , the subject matter of any one of Examples 
whether a device implementing a first bus interface protocol 11-16 and 18-20 can optionally include wherein the first bus 
is coupled to the system through a connector comprises 40 interface protocol comprises a Peripheral Component Inter 
evaluating a four lane high speed input output ( HSIO ) group . connect Express ( PCIe ) bus interface protocol , wherein the 

In Example 9 , the subject matter of any one of Examples second bus interface protocol comprises a Serial Advanced 
1-8 and 10 can optionally include that after initializing the Technology Attachment ( SATA ) bus interface protocol , and 
storage device in response to determining that the device wherein the logical device interface protocol comprises a 
implementing the first bus interface protocol also imple- 45 Non - Volatile Memory Express ( NVMe ) logical device bus 
ments a logical device interface protocol , reprogramming interface protocol . 
any unused HSIO buffers to assume that the connector In Example 18 , the subject matter of any one of Examples 
implements the second bus interface protocol . 11-17 and 19-20 can optionally include wherein the initial 

In Example 10 , the subject matter of any one of Examples ization logic is to detect whether a device arranged to 
1-9 can optionally include wherein the initializing the stor- 50 implement a first bus interface protocol is coupled through 
age device implementing the second bus interface protocol a connector by evaluation of a four lane high speed input 
comprises initializing a plurality of SATA drives . output ( HSIO ) group . 
Example 11 is an apparatus to detect a device during a In Example 19 , the subject matter of any one of Examples 

system boot operation comprising : initialization logic in 11-18 and 20 can optionally include wherein the initializa 
communication with a bus , a bus clock , a buffer , a connector , 55 tion logic , after the initialization of the storage device in 
and a storage device , at least a portion of the initialization response to the determination that the storage device 
logic in hardware , the initialization logic to : detect whether arranged to implement the first bus interface protocol also 
a device arranged to implement a first bus interface protocol implements a logical device interface protocol , reprograms 
is coupled to the bus through the connector ; program a bus any unused HSIO buffers to cause the connector to imple 
clock to the connector to be off in response to detection of 60 ment the second bus interface protocol . 
no device arranged to implement the first bus interface In Example 20 , the subject matter of any one of Examples 
protocol is coupled through the connector ; after the bus 11-19 can optionally include wherein the initialization of the 
clock is programmed to be off , reprogram a buffer to assume storage device arranged to implement the second bus inter 
that the connector implements a second bus interface pro face protocol comprises initializing a plurality of SATA 
tocol to the bus to couple a storage device ; after the buffer 65 drives . 
is reprogrammed , detect whether a storage device arranged Example 21 is a system to detect a storage device during 
to implement the second bus interface protocol is coupled to a system boot operation comprising : a bus ; a bus clock in 
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communication with the bus ; a buffer in communication tion logic , after the initialization of the storage device in 
with the bus ; a storage device for storing data ; a connector response to the determination that the storage device 
configured to couple the storage device to the bus ; initial arranged to implement the first bus interface protocol also 
ization logic to : detect whether a device arranged to imple implements a logical device interface protocol , reprograms 
ment a first bus interface protocol is coupled to the bus 5 any unused HSIO buffers to cause the connector to imple 
through the connector ; program a bus clock to the connector ment the second bus interface protocol . to be off in response to detection of no device arranged to In Example 30 , the subject matter of any one of Examples implement the first bus interface protocol is coupled to the 21-29 can optionally include wherein the initialization of the system through the connector ; after the bus clock is pro 
grammed to be off , reprogram a buffer to assume that the 10 face protocol comprises initializing a plurality of SATA storage device arranged to implement the second bus inter 
connector implements a second bus interface protocol to the drives . bus to couple a storage device ; after the buffer is repro 
grammed , detect whether a storage device implementing the Example 31 is an apparatus including a cable to couple a 
second bus interface protocol is coupled to the connector ; storage device to a board , the cable to include : a first end 
and initialize the storage device arranged to implement the 15 configured to mate with a board connector that is compatible 
second bus interface protocol in response to detection that with a first bus interface protocol and a second bus interface 
the storage device arranged to implement the second bus protocol ; and a second end including first , second , third , and 
interface protocol is coupled to the connector . fourth connectors compatible with the second bus interface 

In Example 22 , the subject matter of any one of Examples protocol and configured to mate with a storage device 
21 and 23-30 can optionally include wherein the first bus 20 arranged to implement the second bus interface protocol . 
interface protocol comprises a Peripheral Component Inter In Example 32 , the subject matter of any one of Examples 
connect Express ( PCIe ) bus interface protocol , and the 31 and 33 can optionally include wherein the first bus 
second bus interface protocol comprises a Serial Advanced interface protocol comprises a Peripheral Component Inter 
Technology Attachment ( SATA ) bus interface protocol . connect Express ( PCIe ) bus interface protocol , and wherein 

In Example 23 , the subject matter of any one of Examples 25 the second bus interface protocol comprises a Serial 
21-22 and 24-30 can optionally include wherein the initial Advanced Technology Attachment ( SATA ) bus interface 
ization logic is configured to detect whether the device protocol . 
arranged to implement a first bus interface protocol is In Example 33 , the subject matter of any one of Examples 
coupled to the bus through the connector comprises an 31-32 can optionally include wherein the second end 
evaluation of a four lane high speed input output ( HSIO ) 30 includes first , second , third , and fourth fingers , the first 
group . connector coupled to the first finger , the second connector 

In Example 24 , the subject matter of any one of Examples coupled to the second finger , the third connector coupled to 
21-23 and 25-30 can optionally include wherein the repro the third finger , and the fourth connector coupled to the 
gram the buffer includes a reprogram of the buffer on four fourth finger . 
ports . Example 34 is an apparatus including a cable to couple a 

In Example 25 , the subject matter of any one of Examples storage device to a board , the cable to include : a first end 
21-24 and 26-30 can optionally include wherein the initial configured to mate with a board connector that is compatible 
ization logic turns off any unused buffer after the storage with a first bus interface protocol and a second bus interface 
device is initialized . protocol ; and a second end including at least one connector 

In Example 26 , the subject matter of any one of Examples 40 compatible with the second bus interface protocol and 
21-25 and 27-30 can optionally include further comprising configured to mate with a storage device arranged to imple 
the initialization logic to : determine whether the device ment the second bus interface protocol . 
arranged to implement the first bus interface protocol is a In Example 35 , the subject matter of any one of Examples 
device arranged to implement a logical device interface 34 and 36-41 can optionally include wherein the first bus 
protocol in response to detection of the storage device 45 interface protocol comprises a Peripheral Component Inter 
implementing the first bus interface protocol is coupled to connect Express ( PCIe ) bus interface protocol , and wherein 
the bus through the connector ; and initialize the storage the second bus interface protocol comprises a Serial 
device in response to the determination that the device Advanced Technology Attachment ( SATA ) bus interface 
arranged to implement the first bus interface protocol also is protocol . 
arranged to implement a logical device interface protocol . 50 In Example 36 , the subject matter of any one of Examples 

In Example 27 , the subject matter of any one of Examples 34-35 and 37-41 can optionally include wherein the at least 
21-26 and 28-30 can optionally include wherein the first bus one connector compatible with the second bus interface 
interface protocol comprises a Peripheral Component Inter protocol and configured to mate with a storage device 
connect Express ( PCIe ) bus interface protocol , wherein the arranged to implement the second bus interface protocol 
second bus interface protocol comprises a Serial Advanced 55 includes one connector . 
Technology Attachment ( SATA ) bus interface protocol , and In Example 37 , the subject matter of any one of Examples 
wherein the logical device interface protocol comprises a 34-36 and 38-41 can optionally include wherein the at least 
Non - Volatile Memory Express ( NVMe ) logical device inter one connector compatible with the second bus interface 
face protocol . protocol and configured to mate with a storage device 

In Example 28 , the subject matter of any one of Examples 60 arranged to implement the second bus interface protocol 
21-27 and 29-30 can optionally include wherein the initial includes two connectors . 
ization logic is configured to detect whether a storage device In Example 38 , the subject matter of any one of Examples 
arranged to implement a first bus interface protocol is 34-37 and 39-41 can optionally include wherein the at least 
coupled to the system through a connector by evaluation of one connector compatible with the second bus interface 
a four lane high speed input output ( HSIO ) group . 65 protocol and configured to mate with a storage device 

In Example 29 , the subject matter of any one of Examples arranged to implement the second bus interface protocol 
21-28 and 30 can optionally include wherein the initializa includes three connectors . 
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In Example 39 , the subject matter of any one of Examples protocol is coupled to the system through the connector ; 
34-38 and 40-41 can optionally include wherein the at least means for reprogramming a buffer , after programming the 
one connector compatible with the second bus interface bus clock to be off , to assume that the connector implements 
protocol and configured to mate with a storage device a second bus interface protocol to couple a storage device ; 
arranged to implement the second bus interface protocol 5 means for detecting whether a storage device implementing 
includes four connectors . the second bus interface protocol is coupled to the connector , 

In Example 40 , the subject matter of any one of Examples after reprogramming the buffer ; and means for initializing 
34-39 and 41 can optionally further comprise the mother the storage device implementing the second bus interface 
board and the connector . protocol in response to detecting that the storage device 

In Example 41 , the subject matter of any one of Examples 10 implementing the second bus interface protocol is coupled to 
34-40 can optionally further comprise the storage device , the connector . 
wherein the storage device includes at least one storage Example 49 is an apparatus comprising means to perform 
device selected from the group consisting of Serial a method as claimed in any preceding Example . 
Advanced Technology Attachment ( SATA ) drives and Non What is claimed : 
Volatile Memory Express NVMe drives . 1. A method , comprising : 
Example 42 is an apparatus including a cable to couple a detecting , during a system boot operation , whether a 

storage device to a board , the cable to include : a first end device implementing a first bus interface protocol is 
configured to mate with a board connector that is compatible coupled to a bus in the system through a connector , 
with a first bus interface protocol and a second bus interface wherein the detecting includes evaluating a group com 
protocol ; and a second end including at least one connector 20 prising a plurality of lanes of the bus ; 
compatible with the second bus interface protocol and determining whether the device implementing the first bus 
configured to mate with a storage device arranged to imple interface protocol is a storage device implementing a 
ment the second bus interface protocol ; the second end also logical device interface protocol in response to detect 
including at least one connector compatible with the first bus ing that the device implementing the first bus interface 
interface protocol and configured to mate with a storage 25 protocol is coupled to the system through the connec 
device arranged to implement the first bus interface proto tor ; 
col . initializing the device as a storage device to communicate 

In Example 43 , the subject matter of any one of Examples on the bus in response to determining that the device is 
42 and 44-46 can optionally include wherein the first bus a storage device implementing a logical device inter 
interface protocol comprises a Peripheral Component Inter- 30 face protocol ; 
connect Express ( PCIe ) bus interface protocol , and wherein initializing the device implementing the first bus interface 
the second bus interface protocol comprises a Serial protocol to communicate on the bus in response to 
Advanced Technology Attachment ( SATA ) bus interface determining that the device is not a storage device 
protocol . implementing a logical device interface protocol ; 

In Example 44 , the subject matter of any one of Examples 35 programming a bus clock to the connector to be off in 
42-43 and 45-46 can optionally include wherein the at least response to detecting that no device implementing the 
one connector compatible with the second bus interface first bus interface protocol is coupled to the bus in the 
protocol and configured to mate with a storage device system through the connector ; 
arranged to implement the second bus interface protocol after programming the bus clock to be off , reprogramming 
includes a plurality of connectors . a buffer to connect to a device implementing a second 

In Example 45 , the subject matter of any one of Examples bus interface protocol to couple a device ; 
42-44 and 46 can optionally include wherein the at least one after reprogramming the buffer , detecting whether a 
connector compatible with the first bus interface protocol device implementing the second bus interface protocol 
and configured to mate with a storage device arranged to is coupled to the bus in the system through the con 
implement the first bus interface protocol includes a plural- 45 nector ; and 
ity of connectors . initializing the device implementing the second bus inter 

In Example 46 , the subject matter of any one of Examples face protocol in response to detecting that the device 
42-45 can optionally include wherein the second end implementing the second bus interface protocol is 
includes first and second fingers , the at least one connector coupled to the bus in the system through the connector . 
compatible with the second bus interface protocol and 50 2. The method of claim 1 , wherein the first bus interface 
configured to mate with a storage device arranged to imple protocol comprises a Peripheral Component Interconnect 
ment the second bus interface protocol including one con Express ( PCIe ) bus interface protocol , and the second bus 
nector coupled to the first finger , the at least one connector interface protocol comprises a Serial Advanced Technology 
compatible with the first bus interface protocol and config Attachment ( SATA ) bus interface protocol . 
ured to mate with a storage device arranged to implement the 55 3. The method of claim 1 , wherein the group comprising 
first bus interface protocol including one connector coupled a plurality of lanes of the bus comprises a four lane high 
to the second finger . speed input output ( HSIO ) group . 

Example 47 is a machine readable medium including 4. The method of claim 3 , wherein reprogramming the 
code , when executed , to cause a machine to perform the buffer includes reprogramming the buffer on four ports . 
method of any one of claims 1-10 . 5. The method of claim 4 , further comprising turning off 

Example 48 is an apparatus for detecting a storage device any unused buffer after the initializing the device imple 
during a system boot operation , comprising : means for menting the second bus interface protocol in response to 
detecting , during a system boot operation , whether a storage detecting that the device implementing the second bus 
device implementing a first bus interface protocol is coupled interface protocol is coupled to the bus in the system through 
to a system through a connector ; means for programming a 65 the connector . 
bus clock to the connector to be off in response to detecting 6. The method of claim 1 , wherein the first bus interface 
that no storage device implementing the first bus interface protocol comprises a Peripheral Component Interconnect 
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Express ( PCIe ) bus interface protocol , wherein the second 13. The apparatus of claim 10 , wherein the first bus 
bus interface protocol comprises a Serial Advanced Tech interface protocol comprises a Peripheral Component Inter 
nology Attachment ( SATA ) bus interface protocol , and connect Express ( PCIe ) bus interface protocol , wherein the 
wherein the logical device interface protocol comprises a second bus interface protocol comprises a Serial Advanced 
Non - Volatile Memory Express ( NVMe ) logical device bus 5 Technology Attachment ( SATA ) bus interface protocol , and 
interface protocol . wherein the logical device interface protocol comprises a 

7. The method of claim 6 , wherein the group comprising Non - Volatile Memory Express ( NVMe ) logical device bus 
a plurality of lanes of the bus comprises a four lane high interface protocol . 
speed input output ( HSIO ) group . 14. The apparatus of claim 13 , wherein the group com 

8. The method of claim 7 , further comprising , after 10 prising a plurality of lanes of the bus comprises a four lane 
initializing the storage device in response to determining high speed input output ( HSIO ) group . 
that the device implementing the first bus interface protocol 15. The apparatus of claim 14 , wherein the initialization 
also implements a logical device interface protocol , repro logic , after the initialization of the storage device in response 
gramming any unused HSIO buffers to assume that the to the determination that the device arranged to implement 
connector implements the second bus interface protocol . 15 the first bus interface protocol also implements a logical 

9. The method of claim 1 , wherein the initializing the device interface protocol , reprograms any unused HSIO 
device implementing the second bus interface protocol in buffers to cause the connector to implement the second bus 
response to detecting that the device implementing the interface protocol . 
second bus interface protocol is coupled to the bus in the 16. The apparatus of claim 10 , wherein the initialization 
system through the connector comprises initializing a plu- 20 logic that is configured to initialize the device arranged to 
rality of SATA drives . implement the second bus interface protocol in response to 

10. An apparatus comprising : detection that a device arranged to implement the second bus 
initialization logic in communication with a bus , a bus interface protocol is coupled to the connector , is configured 

clock , a buffer , a connector , and a storage device , at to initialize a plurality of SATA drives . 
least a portion of the initialization logic in hardware , 25 17. A system comprising : 
the initialization logic to : a bus ; 

detect whether a device arranged to implement a first bus a bus clock in communication with the bus ; 
interface protocol is coupled to the bus through the a buffer in communication with the bus ; 
connector , wherein the detection includes evaluation of a storage device for storing data ; 
a group comprising a plurality of lanes of the bus ; a connector configured to couple the storage device to the 

determine whether the device arranged to implement the bus ; 
first bus interface protocol is a storage device arranged initialization logic to : 
to implement a logical device interface protocol in detect whether a device arranged to implement a first bus 
response to detection of the device arranged to imple interface protocol is coupled to the bus through the 
ment the first bus interface protocol is coupled to the 35 connector , wherein the detection includes evaluation of 
bus through the connector ; a group comprising a plurality of lanes of the bus ; 

initialize the device as a storage device to communicate determine whether the device arranged to implement the 
on the bus in response to the determination that the first bus interface protocol is a storage device arranged 
device is a storage device implementing a logical to implement a logical device interface protocol in 
device interface protocol ; response to detection of the device arranged to imple 

initialize the device implementing the first bus interface ment the first bus interface protocol is coupled to the 
protocol to communicate on the bus in response to a bus through the connector ; 
determination that the device is not a storage device initialize the device as storage device to communicate 
implementing a logical device interface protocol ; on the bus in response to the determination that the 

program a bus clock to the connector to be off in response 45 device is a storage device implementing a logical 
to detection of no device arranged to implement the device interface protocol ; 
first bus interface protocol is coupled through the initialize a device implementing the first bus interface 
connector ; protocol to communicate on the bus in response to a 

after the bus clock is programmed to be off , reprogram a determination that the device is not a storage device 
buffer to connect to a device that implements a second 50 implementing a logical device interface protocol ; 
bus interface protocol to the bus to couple a device to program a bus clock to the connector to be off in response 
the bus through the connector ; to detection of no device arranged to implement the 

after the buffer is reprogrammed , detect whether a device first bus interface protocol is coupled to the system 
arranged to implement the second bus interface proto through the connector ; 
col is coupled to the connector ; and after the bus clock is programmed to be off , reprogram a 

initialize the device arranged to implement the second bus buffer to connect to a device that implements a second 
interface protocol in response to detection that a device bus interface protocol to the bus to couple a device to 
arranged to implement the second bus interface proto the bus through the connector ; 
col is coupled to the connector . after the buffer is reprogrammed , detect whether a device 

11. The apparatus of claim 10 , wherein the first bus 60 implementing the second bus interface protocol is 
interface protocol comprises a Peripheral Component Inter coupled to the connector ; and 
connect Express ( PCIe ) bus interface protocol , and the initialize the device arranged to implement the second bus 
second bus interface protocol comprises a Serial Advanced interface protocol in response to detection that a device 
Technology Attachment ( SATA ) bus interface protocol . arranged to implement the second bus interface proto 

12. The apparatus of claim 10 , wherein group comprising 65 col is coupled to the connector . 
a plurality of lanes of the bus comprises a four lane high 18. The system of claim 17 , wherein the first bus interface 
speed input output ( HSIO ) group . protocol comprises a Peripheral Component Interconnect 
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Express ( PCIe ) bus interface protocol , and the second bus 
interface protocol comprises a Serial Advanced Technology 

Attachment ( SATA ) bus interface protocol . 
19. The system of claim 17 , wherein the group comprising 

a plurality of lanes of the bus comprises a four lane high 5 
speed input output ( HSIO ) group . 

20. The system of claim 17 , wherein the first bus interface 
protocol comprises a Peripheral Component Interconnect 
Express ( PCIe ) bus interface protocol , wherein the second 
bus interface protocol comprises a Serial Advanced Tech- 10 
nology Attachment ( SATA ) bus interface protocol , and 
wherein the logical device interface protocol comprises a 
Non - Volatile Memory Express ( NVMe ) logical device inter 
face protocol . 

21. The system of claim 20 , wherein the group comprising 15 
a plurality of lanes of the bus comprises a four lane high 
speed input output ( HSIO ) group . 

22. The system of claim 21 , wherein the initialization 
logic , after the initialization of the storage device in response 
to the determination that the device arranged to implement 20 
the first bus interface protocol also implements a logical 
device interface protocol , reprograms any unused HSIO 
buffers to cause the connector to implement the second bus 
interface protocol . 

23. The system of claim 17 , wherein the initialization 25 
logic that is configured to initialize the device arranged to 
implement the second bus interface protocol in response to 
detection that a device arranged to implement the second bus 
interface protocol is coupled to the connector , is configured 
to initialize a plurality of SATA drives . 30 


